Antioxidants 24 25 2 ABSTRACT 26 INTRODUCTION: Oxidative stress plays an important role in the pathogenesis of 27 preeclampsia, a placental disorder affecting approximately 7% of pregnancies. 28 Trophoblast cells are susceptible to oxidative stress which causes increased cell 29 death and placental turnover. In this study, inhibitors of the mitochondrial respiratory 30 chain were utilised to induce oxidative stress and the effect that selenium 31 supplementation had on trophoblast viability was investigated. 32 METHODS: Trophoblast cells (BeWo, JEG-3 and Swan-71) were treated with Na 33 Selenite (100nM) or Selenomethionine (500nM) to increase the biological activity of 34 antioxidants Glutathione Peroxidase and Thioredoxin Reductase. The cells were 35 then oxidatively stressed with the addition of increasing doses of Antimycin C and 36 Rotenone and the Resazurin end point assay was used to assess cellular activity.
selenium supply during pregnancy and especially in pregnancies complicated by 48 conditions such as preeclampsia. pathogenesis of many disorders of pregnancy including preeclampsia and preterm 62 labour and numerous studies have shown that there is increased shedding of 63 oxidised macromolecules as well as cellular debris from placentae affected by these 64 disorders [2, 3] . 65 Anti-oxidant enzymes are central to protecting cells from oxidative stress. These 66 include enzymes involved in the Glutathione and Thioredoxin reducing systems such 67 as Glutathione Peroxidase (GPx) and Thioredoxin Reductase (ThxRed). These two 68 proteins are selenoenzymes, whereby activity in all cells and tissues is dependent 69 upon an adequate supply of the essential micronutrient selenium. This provides an 70 elegant mechanism for up-regulation, as selenium supplementation is able to 71 promote the activity of these proteins in many cell types, in animal studies and in 72 humans [4, 5, 6] .
73
Previous work from this laboratory proposed that the up-regulation of GPx and 74 ThxRed using selenium supplementation would protect cardiac tissues from the 75 damaging effects of the oxidative stress during clinical procedures including coronary 76 artery bypass grafts. This proved to be the case and in clinical studies the beneficial 77 effects of selenium supplementation, in association with other essential 78 micronutrients, resulted in significantly quicker patient recoveries [7] . The same 79 approach is an attractive proposition when considering placental oxidative stress in 80 complications of pregnancy such as preeclampsia. Could maximising placental 81 expression of these proteins using selenium supplementation protect trophoblast 82 from oxidative stress? In a recently published paper we demonstrated that up-regulation of GPx and 84 ThxRed using both inorganic sodium selenite and organic selenomethionine was 85 able to protect trophoblast from exogenously added reactive oxygen species such as 86 peroxides [8] . In the present study we have asked the same question but generated 87 the oxidative stress endogenously by selectively blocking the electron transport 88 chain and generating mitochondrial oxidative stress. 
Selenium Supplementation and oxidative stress:
138 Trophoblast cell number was adjusted to 100,000 cells per mL and 100µL was 139 added to each well in a 96 well plate and incubated for 24 h at 37°C. Cells were then 140 treated with selenium in the form of inorganic sodium selenite (NaSe) or organic 141 selenium methionine (SeMet) prepared in media and added at concentrations of 100 142 nM or 500nM respectively. Cells were further incubated at 37°C for 24h. Trophoblast Resazurin End Point Assay: 148 To assess cellular function the Resazurin end point assay was used. This assay is 149 an oxidation-reduction indicator, detecting the production of NADH/NADPH and 150 assessing the mitochondrial metabolic activity [10] . Resazurin is non-fluorescent until 151 it is reduced to resorfin, which is highly fluorescent. Following treatments as In BeWo cells, the baseline level of GPx activity was 129.6 ± 15.17 mU/mg (Fig 1) .
174
After the supplementation with NaSe (100nM) or SeMet (500 nM), GPx activity was In a previous study we demonstrated that selenium supplementation could protect 274 trophoblast cells from exogenously applied oxidative stress [8] . We used various the present experiment we demonstrated a similar protective effect to endogenously 281 generated oxidative stress. Blocking electron transport with Rotenone and Anyimycin 282 is a generally accepted method of generating intra mitochondrial oxidative stress. 283 This is very pertinent to studies on oxidative stress in the placenta during 284 preeclampsia, which is often attributed to mitochondrial, and or endoplasmic 285 reticulum stress. This study clearly shows a link between selenium, the antioxidant 286 proteins GPx and ThxRed and mitochondrial oxidative stress. 
298
Larger more controlled trials are needed to prove the benefits of selenium 299 supplementation in lowering the incidence or severity of preeclampsia but it is now 300 clear that selenium, through up-regulation of key anti-oxidant proteins can protect 301 against mitochondrial oxidative stress in placental trophoblast cells. 
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